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Abstract
We review recent progress [1] in the construction and classification of six-
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1 Introduction
The understanding of six-dimensional superconformal theories in the context of multi-
ple M5-branes is one of the pressing questions in M-theory. Already the mere existence
of such higher dimensional non-trivial quantum field theories is an exciting result [2].
However, in general it is believed that an explicit understanding of such theories is out
of reach.
One problem in this context is the description of non-abelian tensor (two-form)
gauge fields. For example, a no-go theorem states that there exists no non-abelian ex-
tension of the abelian tensor gauge symmetry [3]. In [1] it was shown how to circumvent
this problem in the context of a tensor hierarchy [4] by introducing additional form-
degrees of freedom, in particular a non-propagating three-form. The other problem is
that the supposed (2, 0) theory of multiple M5-branes is intrinsically strongly coupled,
i.e. it has no free parameter for a weak coupling expansion which would make the ex-
istence of a Lagrangian description or equations of motions plausible. This problem is
analogous to the situation of M2-branes. Also in this case, and for the same reason, it
was believed that a Lagrangian description does not exist. Nevertheless, for the isolated
case of an SO(4) gauge group a Lagrangian description of a maximally supersymmet-
ric three-dimensional Chern-Simons-matter CFT (BLG-model) has been found [5, 6].
Subsequently, a more general class of Lagrangian three-dimensional CFT’s, with gauge
groups of arbitrary rank, has been formulated in [7] (ABJM-models). The decisive ob-
servation in the latter case is that by placing the M2-branes at an orbifold singularity
instead of placing them in flat space one gains a dimensionless parameter which allows
for a weak coupling limit and thus makes a Lagrangian description possible. The re-
sulting CFT’s have the same field content as a maximally, i.e. N = 8 supersymmetric
theory but realize only N = 6 supersymmetry. From the field theory point of view
this means that the reduced supersymmetry is less restrictive and therefore allows for
a Lagrangian formulation.
The present article is based on the findings of [1]whose the main idea is in the spirit
of the ABJM-models: Instead of considering the maximal supersymmetric case with
N = (2, 0) supersymmetry one considers N = (1, 0) supersymmetry, with eventually
the same field content as the N = (2, 0) theories. This led to an explicit dynami-
cal description of superconformal non-abelian tensor multiplets through equations of
motions or Lagrangians, respectively. Crucial in the implementation of a non-abelian
gauge and tensor gauge symmetry was the construction of a tensor hierarchy of one-,
two- and (non-dynamical) three-forms. The tensor hierarchy is formulated in terms of
a number of invariant tensors of the to be determined structure group. Consistency
of this gauge symmetry imposes several non-linear conditions on these invariant ten-
sors, which represent generalized Jacobi identities. These conditions play an essential
role also in deriving the dynamics from supersymmetry. Generically the dynamics is
described by equations of motions only, but for a subclass also a Lagrangian formula-
tion exists. Models defined by equations of motions but without a proper Lagrangian
description might be still of interest and give upon dimensional reduction to five dimen-
sions a Lagrangian dynamics with the correct inverse compactification radius behavior
[8].
In the following we review the construction of [1] and in particular, we present
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the general solutions to the generalized Jacobi identities for the case of semi-simple
groups. We also discuss the resulting classes of N = (1, 0) superconformal models of
non-abelian tensor multiplets.
2 Non-abelian tensor fields in six dimensions
2.1 Review of general non-abelian vector/tensor systems
In this section, we review the results of [1] on the general structure of non-abelian vec-
tor/tensor systems in six dimensions, based on the non-abelian p-form tensor hierarchy,
as worked out in [4, 9, 10, 11]. We will be discussing gauge theories with field content
given by the p-forms {Arµ, Bµν
I , Cµνρ r}, where the indices r and I label the vector and
the two-form tensors, respectively. Anticipating six-dimensional dynamics with vector
fields dual to antisymmetric three-form tensors, we use a dual internal index r to label
the latter fields.
For vector and two-form tensor fields, the full covariant non-abelian field strengths
are given by
F rµν ≡ 2∂[µA
r
ν] − fst
rAsµA
t
ν + h
r
I B
I
µν ,
HIµνρ ≡ 3D[µB
I
νρ] + 6 d
I
rsA
r
[µ∂νA
s
ρ] − 2fpq
sdI rsA
r
[µA
p
νA
q
ρ] + g
IrCµνρ r , (1)
in terms of the antisymmetric structure constants fst
r = f[st]
r, a symmetric d-symbol
dI rs = d
I
(rs), and the tensors g
Ir, hrI inducing general Stu¨ckelberg-type couplings
among forms of different degree.2 The covariant derivatives are defined as Dµ ≡ ∂µ −
ArµXr with an action of the gauge generators Xr on the different fields given by Xr ·Λ
s ≡
−(Xr)tsΛt, Xr · ΛI ≡ −(Xr)J IΛJ , etc. The field strengths (1) are defined such that
they transform covariantly under the set of non-abelian gauge transformations
δArµ = DµΛ
r − hrIΛ
I
µ ,
∆BIµν = 2D[µΛ
I
ν] − 2 d
I
rs Λ
rF sµν − g
IrΛµν r ,
∆Cµνρ r = 3D[µΛνρ] r + 3 bIrsF
s
[µν Λ
I
ρ] + bIrsH
I
µνρ Λ
s + . . . , (2)
where we have introduced the compact notation
∆BIµν ≡ δB
I
µν − 2d
I
rsA
r
[µ δA
s
ν] ,
∆Cµνρ r ≡ δCµνρ r − 3 bIrsB
I
[µν δA
s
ρ] − 2 bIrs d
I
pq A
s
[µA
p
ν δA
q
ρ] . (3)
The ellipsis in the last line of (2) represent possible terms that vanish under projection
with gIr. The covariant field strengths (1) satisfy the modified Bianchi identities
D[µF
r
νρ] =
1
3
hrI H
I
µνρ ,
D[µH
I
νρσ] =
3
2
dI rsF
r
[µνF
s
ρσ] +
1
4
gIrH(4)µνρσ r , (4)
2 We use canonical dimensions such that a p-form has mass dimension p and as a result all constant
tensors fst
r, dIrs, g
Ir, hrI , are dimensionless.
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where the non-abelian field strength H(4)µνρσ r of the three-form potential is defined by
the second equation. In turn, its Bianchi identity is obtained from (4) as
D[µH
(4)
νρστ ] r = −2 bIrsF
s
[µν H
I
ρστ ] + . . . , (5)
where the ellipsis represents possible terms that vanish under projection with gIr. We
finally note that the general variation of the field-strengths is given by
δF rµν = 2D[µδA
r
ν] + h
r
I ∆B
I
µν ,
δHIµνρ = 3D[µ∆B
I
νρ] + 6 d
I
rsF
r
[µν δA
s
ρ] + g
Ir∆Cµνρ r ,
δH(4)µνρσ r = 4D[µ∆Cνρσ]r − 6 bIrsF
s
[µν ∆B
I
ρσ] + 4 bIrsH
I
[µνρ δA
s
σ] + . . . , (6)
again with the ellipsis representing possible terms that vanish under projection with gIr.
This vector/tensor gauge system is completely defined by the choice of the invariant
tensors gIr, hrI , bIrs, d
I
rs, and frs
t. Consistency of the tensor hierarchy, i.e. covari-
ance of the field strengths (1) requires that the gauge group generators in the various
representations are given by
(Xr)s
t = (XVr )s
t ≡ − frs
t + htI d
I
rs ,
(Xr)I
J = (XTr )I
J ≡ 2 dJrsh
s
I − g
JsbIsr , (7)
in terms of the invariant tensors parametrizing the system. Further constraints follow
from closure of the algebra (or generalized Jacobi identities)
[Xr, Xs] = −(Xr)s
tXt , (8)
and gauge invariance of the tensors dI rs and bI rs:
2(Xr)(p
s dI q)s − (Xr)J
I dJpq = 0 , (9)
(Xr)p
s bI sq + (Xr)q
s bI ps + (Xr)I
J bJ pq = 0 . (10)
Using (7), (9) and (10) the generalized Jacobi identities (8) take the equivalent form
hrIg
Is = 0 , (11)
frs
thrI − d
J
rs h
t
Jh
r
I = 0 , (12)
f[pq
ufr]u
s −
1
3
hsI d
I
u[pfqr]
u = 0 , (13)
gJshrKbIsr − 2h
s
Ih
r
K d
J
rs = 0 , (14)
− frt
sgIt + dJrth
s
Jg
It − gItgJsbJtr = 0 . (15)
2.2 Supersymmetry and field equations
It has been shown in [1] that the supersymmetrization of the non-abelian vector/tensor
gauge system is essentially unique and determines the equations of motion3. According
3Generically certain projections of the Yang–Mills fields may remain off-shell.
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to N = (1, 0) supersymmetry, the vector fields are embedded into off-shell vector
multiplets {Ar, λi r, Y ij}, while the tensor fields become part of an on-shell self-dual
tensor multiplet {BIµν , χ
i I , φI}. The three-form tensor fields Cµνρ r do not represent
new dynamical degrees of freedom and do not introduce additional superpartners. The
general supersymmetry transformation rules are
δArµ = −ǫ¯γµλ
r ,
δλi r =
1
8
γµνF rµνǫ
i −
1
2
Y ij rǫj +
1
4
hrIφ
Iǫi ,
δY ij r = −ǫ¯(iγµDµλ
j)r + 2hrI ǫ¯
(iχj)I ,
δφI = ǫ¯χI ,
δχi I =
1
48
γµνρHIµνρǫ
i +
1
4
γµDµφ
Iǫi −
1
2
dI rsγ
µλi r ǫ¯γµλ
s ,
∆BIµν = −ǫ¯γµνχ
I ,
gIr∆Cµνρ r = −g
IrbJrs ǫ¯γµνρλ
sφJ . (16)
They are obtained from the free field transformation rules by covariantizing and adding
terms proportional to hrI etc. such that the supersymmetry algebra closes on the fields
of the tensor multiplet, provided these fields in addition satisfy the field equations
HI−µνρ = −d
I
rsλ¯
rγµνρλ
s ,
γσDσχ
iI =
1
2
dI rsF
r
στ γ
στλis + 2dIrsY
ij r λsj +
(
dIrsh
s
J − 2bJsrg
Is
)
φJλir ,
DµDµ φ
I = −
1
2
dIrs
(
F rµνF
µν s − 4 Y rijY
ij s + 8λ¯rγµDµλ
s
)
− 2
(
bJsrg
Is − 8dIrsh
s
J
)
λ¯rχJ − 3 dIrsh
r
Jh
s
K φ
JφK . (17)
The minimal conditions for supersymmetry to close on these equations are given by
the following equations for the Yang-Mills multiplet:
gKrbIrs
(
Y sij φ
I − 2λ¯s(iχ
I
j)
)
= 0 ,
gKrbIrs
(
F sµνφ
I − 2 λ¯sγµνχ
I
)
= 1
4!
εµνλρστ g
KrH(4) λρστr ,
gKrbIrs
(
φIγµDµλ
s
i +
1
2
γµλsiDµφ
I
)
= gKrbIrs
(
1
4
F sµνγ
µνχIi +
1
24
HIµνργ
µνρλsi − Y
s
ij χ
j I
+ 3
2
hsJφ
IχJi +
1
3
dIuv γ
µλui λ¯
sγµλ
v
)
. (18)
These are not standard field equations in the sense that they generically induce further
constraints on the fields, as we will discuss below for specific examples. In addition
certain projections of the auxiliary Yang–Mills field Y ij are undetermined by these
equations such that the corresponding multiplet remains off-shell.
A stronger version of these equations is given by the above equations without the
contraction with the tensor gKr. However, in order that these equations close under
supersymmetry the inclusion of a four-form gauge potential is necessary. We refer to
[1] for the details. Next we discuss models which provide an action, in a certain sense,
in which case one encounters equations that are not contracted with the gKr tensor.
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2.3 Models admitting an action
The field equations described above can be derived from an action (modulo the standard
subtleties for the construction of six-dimensional actions for self-dual tensor fields, cf.
[12, 13]), if the parameters satisfy a number of further constraints:
hrI = ηIJg
Jr , bI rs = 2ηIJd
J
rs , ηIJ d
I
p(qd
J
rs) = 0 , (19)
with a non-degenerate symmetric metric ηIJ . The Lagrangian is given by
L = −
1
8
DµφI Dµφ
I −
1
2
χ¯I γ
µDµχ
I +
1
16
bIrsφ
I
(
F rµνF
µν s − 4Y rijY
ij s + 8λ¯rγµDµλ
s
)
−
1
96
HIµνρH
µνρ
I −
1
48
bIrsH
I
µνρ λ¯
rγµνρλs −
1
4
bIrsF
r
µν λ¯
sγµνχI + bIrsY
r
ij λ¯
i sχj I
+
1
2
(bJsrgI
s − 4bIsrgJ
s)φIλ¯rχJ +
1
8
bIrsgJ
rgK
s φIφJφK −
1
48
Ltop
−
1
24
bIrsb
I
uv λ¯
rγµλuλ¯sγµλ
v , (20)
where the topological term Ltop was described in [1]. For the tensor multiplet, this
action has to be supplemented with the first-order self-duality equation
HI−µνρ = −d
I
rsλ¯
rγµνρλ
s , (21)
to be imposed after having derived the second-order equations of motion, just as in the
democratic formulation of ten-dimensional supergravities [14].4
For the Yang-Mills multiplet the equations of motion take the form of (18), but
the first and the last equation occur without the contraction with the gKr tensor. In
addition, from the variation w.r.t. the gauge field one obtains the second-order equation
bIrsD
ν
(
φIF sµν − 2λ¯
sγµνχ
I
)
=
(
φIDµφ
J − 2χ¯Iγµχ
J
)
Xr IJ − 2φ
IbIpqXrs
q λ¯pγµλ
s
− 1
12
bIrs εµνρλστ F
νρ sHλστ I , (22)
which can be obtained as the covariant derivative of the uncontracted duality equation
for the two-form and four-form field strength in (18), see [1] for more details.
The scalar kinetic term in the action (20) turns out not to be positive-definite. In
order to see if ghosts might appear as physical states and destroy unitarity a com-
plete analysis of the huge (tensor) gauge symmetry and the associated constraints is
necessary. In addition, the equations of motions can imply further constraints and
eliminate (ghost) degrees of freedom. A priori the action contains also a cubic and
thus unbounded scalar potential, if the multiplying invariant tensor structure exists for
the considered group and representations. Such a non-positive potential is consistent
with supersymmetry exactly because the model might have ghost states. For the case
that the potential does not exist, its vanishing can be taken as an indication that it
might be possible to remove the ghost states consistently from the physical spectrum.
4 Alternatively, this self-duality can be implemented by using a non-abelian version [15] of the
Henneaux-Teitelboim action [12] that breaks manifest space-time covariance.
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The kinetic matrix of the Yang-Mills multiplet, Krs ≡ φ
IbIrs, shows that the La-
grangian definition of the models is useful only in the conformal broken phase, where
the scalar of the tensor multiplet assumes a non-vanishing vev, which acts as an in-
verse Yang-Mills coupling. However, the kinetic matrix 〈Krs〉 = 〈φI〉bIrs may have null
directions in which requires further analysis.
Similar structures as the couplings of (20) have appeared in generic 6d supergravity
theories and the discussion of conformal fixed points in six-dimensional gauge theories
[16, 17, 18, 19, 20, 21, 22].
We conclude with a presentation of the superconformal symmetry transformations
[23]. Denoting the fields in the theory by Φ = (φI , BIµν , χ
I , Arµ, Y
ij, λr, Cµνρr), the
conformal transformations are given by
δCΦ = LξΦ+ λDΩΦ , (23)
where Lξ is the Lie derivative with respect to the conformal Killing vector defined
by ∂(µξν) = Ωηµν , which also defines Ω, and λD is the Weyl weight for Φ given by
(2, 0, 5/2, 0, 2, 3/2, 0). The Lie derivative for the fermionic fields Ψ = (χI , λr), in par-
ticular, takes the form LξΨ = ξ
µ∂µΨ +
1
4
∂µξνγ
µνΨ. The conformal supersymmetry
transformations, on the other hand, involve conformal Killing spinors, consisting of
a pair (η+, η−) that satisfy ∂µη+ −
1
2
γµη− = 0. The superconformal transformations
take the form of supersymmetry transformations in which the constant supersymmetry
parameter ǫ is replaced by η+, and the parameter η− arises only in δη−χ
I = −1
2
φIη−.
Note that the bosonic conformal transformation together with supersymmetry ensures
the full superconformal symmetry since the commutator of a conformal boost with
supersymmetry yields the special supersymmetry generator [24].
3 Solving the generalized Jacobi identities
Consistency of the non-abelian vector/tensor gauge system is encoded in the set of
constraints (9) – (15) which generalize the standard Jacobi identity of pure Yang-Mills
theory. At first sight these equations appear quite intractable, but some non-trivial
solutions have been found in [1, 25]. Several of them are based on the group-theoretical
considerations of gauged supergravity theories in six dimensions which can be employed
to derive particular solutions to the system of constraints.5 In this section, we will
reduce the system (9) – (15) by an explicit choice of basis which allows to exhibit the
underlying structure and construct a rather large class of solutions.
For an arbitrary matrix hrI , we can choose a basis in the space of vector and two-
form tensor fields according to a split Arµ −→ {A
α
µ, A
a
µ} and Bµν
I −→ {Bµνa′ , Bµν
a},
such that the matrix hrI takes diagonal form
hrI =
(
hαb
′
hαb
hab
′
hab
)
=
(
0 0
0 δab
)
, (24)
5 This does not necessarily imply that the resulting superconformal models can be embedded into
supergravity.
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with indices a = 1, . . . , rkh and indices α, and a′ labeling the complement of the spaces
of vector and tensor fields, respectively. In this basis (11) is solved by
gIr =
(
ga′
α ga′
b
gaα gab
)
=
(
ga′
α ga′
b
0 0
)
, (25)
with arbitrary blocks ga′
α, ga′
b. In this basis the constraints (12) – (13) translate as
follows: the components fαβ
γ are the structure constants of a Lie algebra g, satisfying
standard Jacobi identities. Moreover, we find that
fab
c = 0 , fab
α = 0 , faα
β = 0 , fαa
b = −
1
2
(Tα)a
b , (26)
and
dcab = 0 , d
b
αa =
1
2
(Tα)a
b , (27)
where Tα are the generators of the Lie algebra g in some representation R, i.e.
[Tα, Tβ] = fαβ
γ Tγ , (28)
with dimension dimR = rkh . From (14), it further follows that
ga′
rbb
′
ra = 0 , 2dc′ ab = gc′
r bb ra . (29)
while equation (15) states that the matrix gIr is gauge invariant under the action of
the generators (7). Together, we deduce that the generators (7) take the form
XVα =
(
−fαβ
γ −fαβ
b + dbαβ
0 (Tα)a
b
)
, XVa = 0 , (30)
in the vector sector, and
XTα =
(
−gb′rba
′
rα 0
2db′αa − gb′
rba rα (Tα)a
b
)
, XTa = 0 , (31)
in the tensor sector. The Jacobi identity (8) reduces to
[Xα, Xβ] = fαβ
γ Xγ . (32)
To summarize, we have reduced the original system of constraints (9) – (15) by an
explicit choice of basis without any loss of generality and the result is given by (24) –
(29), where all non-vanishing tensors are invariant under the action of the generators
(30) and (31), forming the Lie algebra g with structure constants fαβ
γ.
4 The class based on semi-simple Lie algebras
Under certain additional assumptions, we can explicitly solve the remaining constraints
and obtain a large class of solutions. Specifically, we will restrict to the case of a semi-
simple Lie algebra g and non-trivial representations Tα. In this case, by proper choice
of basis, the matrices Xα from (30), (31) can be taken to be block-diagonal, i.e.
fαβ
b = 0 = dbαβ , 2db′αa = gb′
rba rα , (33)
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and the generators take the form
XVα =
(
−fαβγ 0
0 (Tα)a
b
)
, XTα =
(
(T ′α)
a′
b′ 0
0 (Tα)a
b
)
(34)
with the matrices (T ′α)
a′
b′ = −gb′rba
′
rα describing another representation R′ of g . The
representation R′ can be only of a few different types: According to (25), a non-
vanishing gIr requires the representation R′ to contain the adjoint representation of g
or the representation contragredient to R. For vanishing gIr on the other hand, the
form of (31) shows that the representation R′ is trivial. In the following, we discuss
separately these three cases.
4.1 Type I: R′ is trivial
This is the case, the matrix gIr vanishes identically and according to (19) the corre-
sponding model does not admit an action. In addition, there are no Stu¨ckelberg-type
couplings among two- and three-form tensor fields, and the constants bI rs are g in-
variant but otherwise unconstrained. To define a minimal model in this category we
shall thus set bI rs = 0. In this case the only non-vanishing components of the g, h, f, d
tensors are
fαβ
γ , hab = δ
a
b , fαa
b = −
1
2
(Tα)a
b , dbαa =
1
2
(Tα)a
b , dc′αβ = dc′ηαβ , (35)
where fαβ
γ and ηαβ are the structure constants and Cartan-Killing form of a semi-simple
Lie algebra g, respectively, and dc′ are arbitrary constants. As the 3-form potential
Cµνρr does not couple to the rest of the system, we shall set it to zero. The resulting
model has the fields
(Aαµ, λ
iα, Y ijα) , (Aaµ, λ
ia, Y ija, Baµν , χ
ia, φa) , (36)
and a set of gauge singlet tensor multiplet fields (Bµνa′ , χ
i
a′ , φa′) where the indices
(α, a, a′) label the adjoint representation, an irreducible representation R and singlets
of g, respectively. The field equations for the singlet tensor multiplet of fields are
precisely those described long ago in [26], and as they do not involve the fields of the
tensor-YM multiplet, we shall leave them out and refer to the resulting model as Type
I.
The explicit bosonic field strengths arising in the Type I model are6
Fαµν = 2∂[µA
α
ν] − fβγ
αAβµA
γ
ν ≡ F
α
µν ,
Faµν = 2D[µA
a
ν] − (Tα)b
aAα[µA
b
ν] +B
a
µν ≡ B
a
µν ,
Haµνρ = 3D[µB
a
νρ] . (37)
The supersymmetry transformations of the off-shell YM multiplet are
δAαµ = −ǫ¯γµλ
α ,
δλi α =
1
8
γµνF αµνǫ
i −
1
2
Y ij αǫj ,
δY ij α = −ǫ¯(iγµDµλ
j)α , (38)
6 In the particular case, when R is the adjoint representation, this gauge structure was considered
in [25].
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and those of the tensor-YM multiplet are
δφa = ǫ¯χa ,
δBaµν = 2 ǫ¯ γ[µDν]λ
a − ǫ¯γµνχ
a ,
δλi a =
1
8
γµνBaµνǫ
i −
1
2
Y ij aǫj +
1
4
φaǫi ,
δχi a =
1
48
γµνρHaµνρ ǫ
i +
1
4
γµDµφ
aǫi −
1
2
(Tα)b
a γµλi (α ǫ¯γµλ
b) ,
δY ij a = −ǫ¯(iγµDµλ
j)a + 2 ǫ¯(iχj)a . (39)
The field equations for this model are
Ha−µνρ = −(Tα)b
a λ¯bγµνρλ
α ,
/Dχia = (Tα)b
a
(
1
4
γµνBbµνλ
iα +
1
4
γµνF αµνλ
ib + 2Y ij(b λ
α)
j +
1
2
φbλiα
)
,
DµDµ φ
a = (Tα)b
a
(
−
1
2
BbµνF
µν α + 2 Y bijY
ij α − 4λ¯(b /Dλα) + 8λ¯αχb
)
. (40)
With the described choices for the invariant tensors this system closes under super-
symmetry without any on-shell condition for the vector multiplets, see (18). Hence,
the Type I model does not determine the complete dynamics of the system and either
supersymmetric equations of motions for the Yang-Mills multiplets should be imposed,
or they should be treated as background fields. However, for groups/representations
which allow for non-vanishing tensors bI rs supersymmetric equations for the Yang-
Mills multiplets might be obtained in the context of extended models [1], given by the
uncontracted version of (18). See also the comments below (18) and around (22).
4.2 Type II: R′ is in the adjoint representation
Taking R′ in the adjoint representation implies that gβ
α = δαβ and gβ
b = 07. In this
case the only non-vanishing components of the g, h, f, d, b tensors are8
hba = δ
b
a , gα
β = δβα , fαβ
γ , fαa
b = −
1
2
(Tα)a
b ,
dbαa =
1
2
(Tα)a
b , dαβγ , dαab , dαβb , b
α
bγ , ba bγ
bβγα = fαγ
β , bγab , ba βα = 2dβ αa , ba αb = 2dαab , bcab . (41)
The undetermined tensors dαβγ, dαab, dαβb etc. exist only for very particular choices
of g and R. As the 3-form potential Cµνρ a decouples from the rest of the system we
shall set it to zero. Thus, the fields of the model, which we shall refer to as Type II,
are those listed in (36) together with
(Bµν α, φα, χ
i
α, Cµνρα) . (42)
7The case in which also R is the adjoint representation is included in the type III models described
below.
8 For R = 0, this corresponds to the example discussed in section 3.6 of [1].
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The field strengths, supersymmetry transformations and field equations for the fields
(36) remain exactly as in the previous section on the Type I model except that the
adjoint Yang–Mills multiplet is no longer off–shell. The explicit description of the Type
II model also requires similar equations for the additional fields listed in (42). These
equations can be read off from the general expressions given in (16), (17) and (18) by
inserting the data summarized in (41). In the simplest case when all undetermined
tensors in (41) vanish the additional supersymmetry transformations become
δφα = ǫ¯χα ,
δχiα =
1
48
γµνρHµνρ αǫ
i +
1
4
γµDµφαǫ
i
∆Bµν α = −ǫ¯γµνχ
I ,
∆Cµνρα = −fβα
γ ǫ¯γµνρλ
βφγ , (43)
while the equations of motion are
H−µνρ α = 0 , γ
σDσχ
i
α = −2fβα
γ φγλ
iβ , DµDµ φα = −2fβα
γλ¯βχγ (44)
and
fβα
γ
(
Y βij φγ − 2λ¯
β
(iχγ j)
)
= 0 ,
fβα
γ
(
Fβµνφγ − 2 λ¯
βγµνχγ
)
= 1
4!
εµνλρστ H
(4) λρστ
α ,
fβα
γ
(
φγγ
µDµλ
β
i +
1
2
γµλβiDµφγ
)
= fβα
γ
(
1
4
Fβµνγ
µνχγ i +
1
24
Hµνρ γγ
µνρλβi − Y
β
ij χ
j
γ
)
.
(45)
Here we can see explicitly the subtleties in the Yang–Mills sector alluded to earlier.
From the first equation it is clear that the auxiliary field Y ij is not completely fixed,
it can for example be shifted by a multiple of φ. This implies that some of the Yang–
Mills fields remain off–shell. The fact that there are also constraints implied by these
equations is easily seen by contracting this equation with φα which gives
fβα
γ φαλ¯β(iχγ j) = 0 . (46)
This constraint eliminates some of the physical degrees of freedom. Such constraints
have to be taken into account when studying the dynamics and degrees of freedom.
4.3 Type III: R′ is in the contragredient representation to R
The remaining case corresponds to taking R′ in the contragredient representation to
R, and therefore set gaα = 0 and gab = δba. This is the only case, in which an action
is possible (in the sense discussed above) and we will right away restrict to the case
when the compatibility conditions (19) are satisfied as well. In that case the metric ηIJ
on the tensor sector is given by a matrix with the off-diagonal blocks ηa
b = ηba = δ
b
a.
Taking into account (19), we deduce that the only nonvanishing components of the
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tensors g, h, f, d, b are
hba = δ
b
a , ga
b = δba , fαβ
γ , fαa
b = −
1
2
(Tα)a
b ,
dabc = d(abc) , dabα = d(ab)α , daβγ , d
b
αa =
1
2
(Tα)a
b ,
babα = b
a
αb = (Tα)b
a , ba bα = ba αb = 2d(ab)α , bb ca = 2d(abc) , baβγ = 2da(βγ) .
(47)
In particular, upon imposing these symmetry properties of dabc and dabα, the last equa-
tion of (19) is automatically satisfied as a consequence of g-invariance. Specifying a
model within this class thus corresponds to choosing a Lie algebra g with a represen-
tation R, and the g-invariant tensors
d(abc) , d(ab)α , da(βγ) . (48)
Again, such tensors only exist for very particular choices of g and R . In the following,
we will present more explicitly the vector/tensor gauge system corresponding to this
solution of the consistency constraints. An interesting and straightforward generaliza-
tion of this solution would be the inclusion of abelian gauge factors and possible gauge
group singlets among the vector and tensor fields.
As the 3-form potential Cµνρ α decouples from the rest of the tensor-YM system, we
shall set it to zero. With this understood, we shall refer to the model defined by (47)
as Type III. Its field content consists of the multiplets listed in (36) and the additional
fields
(Bµν a, φa, χ
i
a, Cµνρ a) . (49)
The explicit non-abelian field strengths are those given in (37) and
Hµνρ a ≡ 3D[µBνρ] a + 6 da rsA
r
[µ∂νA
s
ρ] − 2fpq
sda rsA
r
[µA
p
ν
Aq
ρ] + Cµνρ a ≡ Cµνρ a ,
H(4)µνρσ a ≡ 4D[µCνρσ] a − 6 daαβF
α
[µνF
β
ρσ] − 12 dabαF
α
[µνB
b
ρσ] − 6 dabcB
b
[µνB
c
ρσ] . (50)
By construction, Baµν and Cµνρ a are invariant under tensor gauge transformations and
transform covariantly under non-abelian vector gauge transformations. By eliminating
Aaµ and Bµν a from the theory, we have thus changed the structure of the tensor gauge
algebra, similar to choosing the unitary gauge in the standard Higgs effect. While this
may not be the right formulation for a consistent quantization of the theory, it allows
to illustrate the distribution of degrees of freedom in this model.
Let us finally note that after the redefinitions, the only appearance of the constant
tensors (48) in the vector/tensor gauge system, is in the definition of the field strength
H(4).
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The action for the Type III model takes the explicit form
L = −
1
4
DµφaDµφ
a − χ¯a γ
µDµχ
a +
1
8
dIrsφ
I
(
F rµνF
µν s − 4Y rijY
ij s + 8λ¯rγµDµλ
s
)
−
1
8
Cµνρ (+)a
(
DµB
a
νρ +
1
3
(Tα)b
aλ¯αγµνρλ
b
)
−
1
8
darsDµB
a
νρ λ¯
rγµνρλs
−
1
2
dIrsF
r
µν λ¯
sγµνχI + 2dIrs Y
r
ij λ¯
i sχj I −
1
3
(Tα)b
a da rs λ¯
rγµλαλ¯sγµλ
b
+
1
2
(Tα)a
b λ¯α (φaχb − 4φbχ
a)− 3dabαφ
aλ¯αχb − 3dabcφ
aλ¯bχc +
1
4
dabc φ
aφbφc
+
1
32
εµνρλστ Baµν
(
daαβ F
α
ρλF
β
στ + dabα F
α
ρλB
b
στ +
1
3
dabc B
b
ρλB
c
στ
)
. (51)
Sums over indices r, s still need to be split according to λr → {λα, λa}, F r → {F α,Ba},
etc.
Note that only the self-dual part of the field Cµνρ a appears in the Lagrangian and
acts as a Lagrange multiplier for the self-duality equation
(
D[µB
a
νρ]
)
−
= −
1
3
(Tα)b
aλ¯αγµνρλ
b , (52)
which constitutes half of the additional first-order equations (21). The other half of
(21) determines the anti-self dual part of Cµνρ a to be
C(−)µνρ a = −darsλ¯
rγµνρλ
s . (53)
Since the anti-self-dual part C(−)µνρ a does not show up in the action (51), we can impose
(53) as its definition in all previous formulas. Therefore we find that in contrast to
the general Lagrangian (20), the explicit Lagrangian (51) for this particular model
implies all the field equations without the need to impose additional first-order duality
equations by hand!
In this model, the supersymmetry transformation rules are those given in (38), (39)
and
δφa = ǫ¯χa ,
δχia =
1
48
C(+)µνρ a γ
µνρ ǫi +
1
4
γµDµφaǫ
i −
1
2
darsγ
µλi r ǫ¯γµλ
s ,
δCµνρ a = −3 ǫ¯ γ[µνDρ]χa − 6 darsF
r
[µν ǫ¯γρ]λ
s − 2dIas ǫ¯γµνρλ
sφI . (54)
In fact, the relevant part of the last transformation is the projection onto its self-dual
part, while its anti-self dual part just describes the transformation of (53) into the field
equation of χa .
It is worth noting that the cubic scalar potential of (51) contains at most half of
the scalar fields and is entirely triggered by the gauge invariant tensor dabc . Moreover,
the different d-tensors exist only for particular choices of the Lie-algebra g and repre-
sentations R. It is therefore natural (and consistent) to consider generic models where
we set all d-tensors to zero. In that case the action simplifies to
L = −
1
4
DµφaDµφ
a − χ¯a γ
µDµχ
a +
1
8
(Tα)b
aφa
(
BbµνF
µν α − 4Y bijY
ij α + 8λ¯(bγµDµλ
α)
)
−
1
8
Cµνρ (+)a
(
DµB
a
νρ +
1
3
(Tα)b
aλ¯αγµνρλ
b
)
−
1
4
(Tα)b
aBbµν λ¯
αγµνχa
−
1
4
(Tα)b
aF αµν λ¯
bγµνχa + 2(Tα)b
a Y
(b
ij λ¯
i α)χja +
1
2
(Tα)a
b λ¯α (φaχb − 4φbχ
a) . (55)
The tensor field equations for the multiplet in the representation R are the same as
in (40). For the tensor multiplet in the contragredient representation R′ one obtains,
C(−)µνρ a = 0 , /Dχ
i
a = −2(Tβ)a
bλ¯β iφb , D
µDµφa = −2(Tβ)a
bλ¯βχb . (56)
This implies that the three-form Cµνρ a may be considered as a self-dual auxiliary form.
In the Yang–Mills sector, for example the auxiliary field equations become
(Tα)a
b
(
Y αij φb − 2λ¯
α
(iχj) b
)
= 0 , (Tα)a
b
(
Y aij φb − 2λ¯
a
(iχj) b
)
= 0 . (57)
The equations for the Yang-Mills multiplet again imply algebraic conditions on the
physical fields, analogous to (46), which might eliminate some of the degrees of freedom.
We leave a more careful analysis of these issues for the future.
Let us finally give the supersymmetry transformation rules in this minimal case.
They are those given in (38), (39) together with
δφa = ǫ¯χa ,
δχia =
1
48
C(+)µνρ a γ
µνρ ǫi +
1
4
γµDµφaǫ
i
δCµνρ a = −3 ǫ¯ γ[µνDρ]χa − (Tα)a
b ǫ¯γµνρλ
αφb . (58)
5 Conclusions
We reviewed the construction of a general class of six-dimensional (1,0) superconformal
models with non-abelian vector and tensor multiplets as given in [1]. The formulation
of the non-abelian tensor gauge symmetry relies on a tensor hierarchy for one-, two and
non-dynamical three forms. Here, in particular, we solved for the case of semi-simple
groups the generalized Jacobi identities (15) of the various invariant tensors that appear
in the tensor hierarchy.
The allowed tensor and vector multiplets are characterized by two representations
R and R′ of the Lie algebra g, and its adjoint representation. This corresponds to
the decomposition r = (α, a) and I = (a′, a) of the respective indices, as given above
(24). For a given representation R the various models are classified by the possible
representations R′. Denoting the vector and tensor multiplets by V = (Aµ, λi, Yij )
and T = (Bµν , φ, χ
i ) the respective models and their field and representation content
is summarized in table 5. The non-dynamical three-form is denoted by C.
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class R′ content dynamics parameters
Type I triv. Vα, (Va, T a ), Ta′ e.o.m. da′ , bI rs
Type II adj. Vα, ( Tα, Cα ), (Va, T a ) e.o.m. dα rs, bαbγ,
ba bc, ba bγ , b
γ
ab
Type III tR−1 Vα, (Va, T a ), ( Ta, Ca ) action dabc, daβγ , dabγ
Table 1: The three types of models for semi-simple groups. The possible representations
R′ are the trivial, the adjoint and the to R contragredient representation.
Besides the structure constants fαβ
γ of the Lie algebra g, the parameters of the
different types of models are the various undetermined invariant b- and d-tensors in the
respective representations. For the type III models the d-tensors have to be symmetric
in indices of the same kind. If some of these tensors exist for certain groups and
representations they allow for additional interactions but they can also be consistently
set to zero. An interesting case is given by the type I model, for which the Yang-Mills
multiplets are off-shell for vanishing b-tensors. However, in the case of non-vanishing
b-tensors supersymmetric equations of motions are determined also for the Yang-Mills
multiplet, as discussed in the main text.
For the type III models the equations of motions can be derived from an action,
contrary to the two other classes of models. In all models we used a field redefinition
(or classical gauge) that absorbs the vector in the representation R into the two-form,
i.e. (Aaµ, B
a
µν )→ B
a
µν , such that B
a
µν is invariant under tensor gauge transformations.
Similarly, a three-form Cµνρa invariant under tensor gauge transformations has been
defined.
Given the hitherto lack of non-abelian models in six dimensions the very existence
of these models provide new and very intriguing structures that deserve more study,
and it is clear that there are several open questions that one still has to address.
The action in the case of the type III models has non-positive definite kinetic terms
in the vector and the tensor sector. It will require further work to understand the fate
of the resulting ghost states and if one can find a mechanism to decouple them. In the
analysis of physical degrees of freedom one also has to take into account the algebraic
constraints that are implied by the equations of motions of the vector multiplets.
Perturbatively the models are defined only in the conformal broken phase, where
the vev of the tensor multiplet scalar acts as an inverse Yang-Mills coupling constant.
However, null-directions in the kinetic term for the vector fields implies that the fields
of the corresponding vector multiplets become non-dynamical.
It remains to be investigated how much of the presented structures can be carried
over to (2, 0) theories. As a first step in this direction, the inclusion of hypermultiplets
to the (1,0) models has been briefly discussed in [1]. Adding nT hypermultiplets with
flat target space completes the present field content from (1,0) to the (2,0) theories,
in addition to the vector multiplets and the three-form potentials. Although there
is no propagating (2, 0) vector multiplet, the present construction in (1,0) models has
illustrated the possible relevance of the inclusion of non-propagating degrees of freedom.
Of great relevance is the study of possible M-theory backgrounds for M5-branes
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that lead to (1, 0) supersymmetry and charged tensor multiplets. In general such
backgrounds will be singular spaces, which would also provide propagating vector fields
as we have encountered them in our analysis.
A pending question is of course the quantization of the models, and the fate of the
conformal symmetry at the quantum level. Last but not least, the study of anomalies
in the generalized gauge symmetries of the models we have presented here is of great
interest.
Finally we want to mention some relations to our results that appeared in the
literature. For example, the analysis of amplitudes for six-dimensional tensor and
vector multiplets [27] produced a number of interaction terms that we find also in our
models and recently a very interesting connection with seven-dimensional non-abelian
Chern-Simons theories has been discussed [28].
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